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A STUDY OF INTERNAL-FRICTION PEAKS I N  TYPE 304 STAINLESS STEEL 

COWTAINING NITROGEN* 

By Charles R.  Manning, Jr., and John F. Eckel** 

The occurrence of in te rna l - f r ic t ion  peaks i n  body-centered cubic-type s t ruc-  
t u re s  caused by i n t e r s t i t i a l  atoms, such as nitrogen, has long been known. 
mechanism t o  account f o r  t he  in te rna l - f r ic t ion  peaks i n  body-centered cubic-type 
s t ruc tures  has been described i n  d e t a i l  by Snoek('). 
i n t e r n a l  f r i c t i o n  i n  face-centered cubic-type s t ruc tures  has not progressed t o  a 
pos i t ion  where the  present theor ies  can account completely f o r  t he  observed phe- 
nomena. The first study of i n t e r s t i t i a l  additions t o  face-centered cubic-type 
s t ruc tures  u t i l i z i n g  in t e rna l - f r i c t ion  measurements w a s  by Rozin and 
Finke11shteyn(2) using 25 N i  - 20 C r  s t e e l  i n  1953. 
on s ince then by s c i e n t i s t s  of t he  Academia Sinica on pure n icke l  and manganese 
steels. This work, as well  as the  work i n  reference 2, u t i l i z e d  only carbon a s  
the  i n t e r s t i t i a l  atoms, but r e s u l t s  from both s tudies  pointed t o  the  f a c t  t h a t  
t h e  peaks were induced by diffusion of t h e  i n t e r s t i t i a l  atoms i n  t h e  face-centered 
cubic l a t t i c e .  I n  the  paper presented here, t he  e f f ec t  of nitrogen addi t ions on 
t h e  in t e rna l - f r i c t ion  behavior of 18-8 face-centered cubic aus t en i t i c  stainless 
s t e e l  w a s  studied by the  use of a to r s iona l  pendulum. 

The 

A paral le l - type study of 

Other work has been car r ied  

THEORETICAL 

There have been two theories  postulated t o  explain t h e  in t e rna l - f r i c t ion  
peaks found i n  face-centered cubic metals -associated with i n t e r s t i t i a l  atoms. 
Both theor ies  a r e  based on the  formation and ro ta t ion  of an atomic p a i r  causing 
anisotropic  l a t t i c e  d i s to r t ion  and stress-induced diffusion.  

The f i rs t  theory w a s  proposed by Cheng and Chang(3) and i s  explained i n  
d e t a i l  by Wu and Wang(4). 
a vacancy i s  shown a t  t h e  (1/2, 1/2, 0)  posit ion.  It postulates  t h a t  an i n t e r -  
s t i t i a l  ni t rogen atom may jump i n t o  t h i s  vacancy, thus forming a subs t i t u t iona l  
nitrogen atom. T h i s  would cause a diss ipat ion of a ce r t a in  amount of thermal 
energy and i f  another nitrogen atom should jump i n t o  the  previously vacated i n t e r -  
s t i t i a l  pos i t ion ,  more energy would be released and a s t ab le  nitrogen p a i r  would 

The theory can best be explained using f igure 1 where 

~ ~~ ~ ~~ ~~~ ~ 
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be formed. 
t u t i o n a l  nitrogen atom. 
t i ons  and t h e i r  axis i s  p a r a l l e l  t o  the  A direct ion.  
stress along the A - a x i s  causes the  i n t e r s t i t i a l  nitrogen atom a t  posi t ion A 1  t o  
jump t o  posit ion B o r  a corresponding posi t ion i n  the  C direct ion,  thus providing 
some r e l i e f  i n  the  l a t t i c e  s t r a i n .  
A - a x i s  o r  the load ax i s  has rotated outward and i s  now normal t o  the  A - a x i s .  If 
a t e n s i l e  load i s  applied along the  A - a x i s  through the  nitrogen p a i r ,  a nitrogen 
atom t h a t  was i n  the B o r  C i n t e r s t i t i a l  posi t ion w i l l  jump t o  the  A 1  o r  A2 posi-  
t ion ,  corresponding t o  a ro ta t ion  of t he  p a i r  ax i s  from a d i rec t ion  perpendicular 
t o  the  t e n s i l e  ax i s  i n t o  a posi t ion p a r a l l e l  t o  it. 

This p a i r  would consis t  of an i n t e r s t i t i a l  nitrogen atom and a substi- 
The nitrogen p a i r  i s  formed a t  (1/2, 1/2, 0)  and A 1  posi- 

Application of a compressive 

The nitrogen p a i r  t h a t  w a s  p a r a l l e l  t o  the  

Cheng and Chang have s t a t ed  t h a t  t he  s t r e s s  re laxat ion r e su l t i ng  from t h e  
p a i r  rotat ion induces the  i n t e r n a l  f r i c t i o n  and t h a t  t he  mechanism f o r  i t s  gen- 
e ra t ion  i s  iden t i ca l  t o  t h a t  causing i n t e r s t i t i a l  diffusion i n  a-iron. The only 
difference i s  the  distance t raveled by the  atoms. I n  a body-centered cubic l a t -  
t i c e ,  t h e  i n t e r s t i t i a l  atom moves 1/2 <010>, while i n  a 

face-centered cubic l a t t i c e ,  t h e  movement i s  - along (119 (where a. i s  

the  l a t t i c e  parameter). 

a. per  jump along t h e  

2 

They a l so  postulated t h a t  because of the  s imi l a r i t y  of t he  d i f fus ion  peaks, 
t he  formula governing the  peak magnitude fo r  body-centered cubic l a t t i c e s  i s  
applicable and t h a t  t h e  e f f ec t  of i n t e r s t i t i a l  concentration on ( t h e  unre- 
laxed modulus of e l a s t i c i t y )  and ( the  change i n  s t r a i n  per  u n i t  volume 
caused by ro ta t ion  of the  axis t o  a d i rec t ion  p a r a l l e l  t o  t h e  t e n s i l e  a x i s )  can 
be neglected i n  the  face-centered cubic l a t t i c e  giving 

Em 
E/Nr 

where Q’l i s  the  peak height,  TI i s  t h e  peak temperature, NF i s  t h e  concen- 
t r a t i o n  of i n t e r s t i t i a l  p a i r s  and C i s  a constant. Nitrogen p a i r s  are formed 
by in te rac t ion  between nitrogen atoms t h a t  have jumped i n t o  vacancies and t h e i r  
i n t e r s t i t i a l  nitrogen neighbors. The number of p a i r s  NF under a f ixed nitrogen 
concentration can be determined by: 
(2)  the  s t a t e  of the nitrogen d i s t r ibu t ion .  
perature f luctuat ions and can be determined as follows. 
frozen i n  the c r y s t a l  depends upon the  cooling r a t e  of t he  specimen. 

(1) t h e  concentration of vacancies and by 
Each of these i s  sens i t ive  t o  t e m -  

The number of vacancies 

(1) Wu and Wang( 4, have inves t iga ted  t h e  number of l a t t i c e  vacancies 
avai lable  i n  a face-centered cubic l a t t i c e .  Their invest igat ions with f e r -  
rous al loys were made by quenching wire specimens from 1 2 0 0 O  C t o  below 350’ C 
where the  vacancies were assumed t o  be immobile. The cooling r a t e  w a s  e s t i -  
mated from the  following equation: 
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where y i s  thermal d i f fus iv i ty  and r i s  the  radius of t he  wire. Their 
calculat ions indicated t h a t  a cooling t i m e  from 1200° C t o  350' C of 
0.04 second was achieved. The majority of the  supersaturated vacancies did 
not have a chance t o  move and were frozen i n .  Thus, a t  the  temperature of 
most i n t e rna l - f r i c t ion  measurements, t h e  l ifetime of t h e  vacancies i s  prob- 
ably t h a t  of several  years. 

(2 )  The s t a t e  of the nitrogen atoms o r  red is t r ibu t ion  i s  a function of 
t h e  ac t iva t ion  energy EF f o r  vacancy formation. A spec'imen with constant 
vacancy concentration, such as being de l t  with i n  in t e rna l - f r i c t ion  s tudies ,  
should have an increasing nitrogen p a i r  concentration with decreasing t e m -  
perature  i f  the  atoms have enough mobility t o  a t t a i n  thermal equilibrium a t  
each temperature. 

Their theory a l so  states t h a t  the  height of the  in t e rna l - f r i c t ion  peaks 
var ies  parabol ical ly  with low nitrogen concentration and l i n e a r l y  with high n i t ro -  
gen concentration. 

The second theory put forward t o  explain in t e rna l - f r i c t ion  peaks i n  face- 
centered cubic l a t t i c e s  was recent ly  published by T ~ i e n ( ~ ) .  
centered cube shown i n  f igure  2 i s  used t o  describe t h e i r  theory. 
s t i t i a l p o s i t i o n s  A and B a r e  occupied by an  atomic pa i r .  
t h e  i n t e r s t i t i a l  p a i r  can cause an anisotropic d i s to r t ion  i n  t h e  l a t t i c e .  I n  the  
A - B d i rec t ion ,  the  d i s to r t ion  of the  cu7je i s  grea te r  than i n  a d i rec t ion  normal 
t o  it. 
atom B t o  become unstable and one w i l l  be forced t o  jump t o  e i t h e r  posi t ion C ,  D, 
E, or F t o  r e l i eve  t h e  l a t t i c e  strain. This will posi t ion t h e  p a i r  so  t h a t  the  
angle between them and the  d i rec t ion  of t h e  s t r e s s  i s  a minimum. This causes a 
maximum re laxa t ion  t o  be obtained, whence arises more ane la s t i c  deformation i n  
the  d i rec t ion  of t h e  stress. It i s  the  same nature as in t e rna l - f r i c t ion  peaks i n  
body-centered cubic l a t t i c e s  caused by i n t e r s t i t i a l  atoms. Tsien states t h a t  t h e  
ac t iva t ion  energy of the  in te rna l - f r ic t ion  peaks i s  equivalent t o  the  act . ivatioc 
energy of t h e  diffusion of i n t e r s t i t i a l  atoms and the  peak height i s  proportional 
t o  the number of nitrogen pa i r s .  S t a t i s t i c a l  theory indicated t h a t  t he  number of 
i n t e r s t i t i a l  p a i r s  i s  proportional t o  the  square of t h e  i n t e r s t i t i a l  content. 

A second face- 
The i n t e r -  

The very presence of 

Applying a t e n s i l e  stress i n  t h e  Z direct ion w i l l  cause e i t h e r  atom A or 

The apparatus used t o  conduct t he  in te rna l - f r ic t ion  tests consisted of a 

. ( 6 )  t o r s i o n a l  pendulum which w a s  fashioned a f t e r  t he  equipment designed by K e  
The frequency of vibrat ion covered a range of 0.33 t o  1.1 cycles per  second. 
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A l l  specimens were i n  the  form of 0.025-inch-diameter AIS1 304 aus t en i t i c  
stainless-steel wire t h a t  had been cold drawn. 
given i n  table I and a nitrogen analysis  by Allegheny-Ludlum S tee l  Corporation 

showed 0.05-percent nitrogen. 
t he  aus ten i te  t o  be transformed t o  a-iron. To make sure tha t  t he  wire used 
i n  t h i s  invest igat ion w a s  f u l l y  aus t en i t i c ,  specimens were encapsulated i n  an 
evacuated Vycor tube and solut ion hea t t rea ted  48 hours a t  lO25O C and water 
quenched. Another set of wires from the  same c o i l  w a s  n i t r i ded  by placing them 
i n  a flu?lace f o r  40 hours a t  925O C and passing ammonia through the  furnace. 
ammonia dissociated and entered the  l a t t i c e  as monatomic nitrogen. The nitrogen 
w a s  found t o  be driven w e l l  i n t o  the  l a t t i c e  of the  wire as shown i n  figure 3 by 
the  heavily n i t r ided  case. These wires were then encapsulated and hea t t rea ted  as 
s t a t ed  before. The solut ion treatment w a s  designed t o  dr ive nitrogen through the  
l a t t i c e  and produce a homogeneous s t ruc ture .  A l l  wires subjected t o  the  solut ion 
treatment were placed i n  s m a l l  ceramic tubes within the  evacuated Vycor g lass  
tube. This served as an e f fec t ive  method t o  remove camber and t o  provide s t r a i g h t  
specimens. 

The heat analysis  of t he  wire i s  

A n d r e w ~ ( ~ )  s t a t e d  t h a t  cold drawing causes some of 

The 

RESULTS AND DISCUSSION 

The study w a s  o r ig ina l ly  i n i t i a t e d  t o  determine whether i n t e r s t i t i a l  nitrogen 
could cause in t e rna l - f r i c t ion  peaks i n  a u s t e n i t i c  s t a i n l e s s  s t e e l .  If it d id  
induce relaxat ion peaks i n  the  aus ten i te ,  it w a s  a l s o  the  purpose t o  determine 
both ac t iva t ion  energy and the  diffusion constants f o r  nitrogen d i f fus ion  i n  
aus ten i te .  
allow ac t iva t ion  energy calculat ions from maximum peak s h i f t s .  

The frequency of vibrat ion w a s  var ied during the  inves t iga t ion  t o  

Figure 4 shows the  relaxat ion spectrum f o r  t h e  unni t r ided 304 s t a in l e s s -  
s t e e l  wire which w a s  solut ion heat t reated-  48 hours a t  lO25O C and water quenched 
t o  maintain t h e  aus t en i t i c  s t ruc ture .  It w a s  then t e s t e d  a t  1.05 cycles pe r  sec- 
ond. No major peaks were recorded below 325O C and t h e  peak s t a r t i n g  a t  325O C 
i s  believed t o  be a grain boundary re laxa t ion  peak. 
i s  b e l i e v e d t o  be associated with stress-induced formation of f e r r i t e  or  quasi-  
martensite because the  wires became s l i g h t l y  magnetic a f t e r  t e s t ing .  
graphic examination before and a f t e r  t e s t i n g  revealed no major s t r u c t u r a l  changes 
and did not show f e r r i t e .  

A very small peak a t  1600 C 

A metallo- 

The relaxat ion spectra  f o r  heavily n i t r i d e d  and solut ion hea t t rea ted  speci-  
mens a r e  shown i n  f igures  5 t o  7. The frequency of v ibra t ion  employed i n  f i g -  
ure  5 w a s  1.09 cycles per  second. A major peak w a s  noted i n  the  spectrum with a 
maximum amplitude a t  210' C which i s  believed t o  be caused by nitrogen. 
peak w a s  noticeably absent i n  the  spec t ra  of t h e  unni t r ided wires. The spectrum 
shown i n  f igure 6 i s  f o r  a v ibra t iona l  frequency of 0.57 cycle per  second and a 
major peak was noted with a maximum a t  200° C .  
w a s  obtained with a frequency of 0.33 cycle  pe r  second and the  major peak sh i f t ed  
t o  a s t i l l  lower temperature of 192O C .  A f t e r  making t h i s  run, it w a s  decided t o  
cool t h e  same specimen without removal from t h e  apparatus and make an addi t iona l  
run. 
but with a much lower amplitude. The r e s u l t s  of t h i s  run are shown i n  f igure  7. 

This 

The upper spectrum i n  f igure r( 

This resu l ted  i n  a new relaxat ion peak a t  a much higher temperature, 249O C ,  
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K e  and Yang(8) have reported t h a t  t h e  separation and prec ip i ta t ion  of carbon or 
other i n t e r s t i t i a l  atoms, such a s  nitrogen, from so l id  solut ion,  not only has the  
e f f ec t  of lowering t h e  amplitude of t he  in te rna l - f r ic t ion  peaks, b ~ t  a l so  s h i f t s  
the  peak towards a higher temperature as experienced here. It was f e l t  t h a t  t he  
n i t r i d i n g  and solution heat treatment drove an excessive amount of nitrogen i n t o  
the  i n t e r s t i t i a l  posi t ions of t h e  l a t t i c e .  

Thus, supersaturation i s  indicated pr ior  t o  the  f irst  run i n  f igure  7. 
Evidence t o  support t h i s  w a s  found by X-ray d i f f rac t ion  measurements. The normal 
iron-face-centered cubic l a t t i c e  parameter a s  reported by Dykstra(9) i s  3.54 A. 

The atomic radius of Fe i s  1.26 A. The 304 aus t en i t i c  s t a i n l e s s  steel  contains 
18-percent chromium and 8-percent n icke l  i n  s o l i d  solut ion a s  t h e  major alloying 

elements. The atomic r a d i i  of these two are only 1.28 A and 1.27 A ,  respectively.  
Therefore, not much increase i n  the  l a t t i c e  parameter would be expected and K e  and 
Wang(l0) reported a value of 3.62 A. 

wire was made and t h e  l a t t i c e  parameter was found t o  be 4.15 A. This indicated 
t h a t  t he  l a t t i c e  w a s  considerably expanded by nitrogen. 
s t a t ed  t h a t  t he  amplitude of t he  relaxation peak i s  a function of t he  amount of 
t he  i n t e r s t i t i a l  atom i n  solut ion.  A nitrogen analysis  showed 2.20-percent n i t ro -  
gen i n  t h e  a l loy  after n i t r id ing  and solution heat t reat ing.  The decrease i n  
amplitude i s  interpreted as resu l t ing  from formation of addi t iona l  n i t r i d e s  and 
lowering of t he  amount of nitrogen i n  so l id  solution. 
and after t e s t i n g  indicated many more n i t r ides  were formed as the  result of 
t e s t ing .  A t h i r d  run was made on the  same specimen which produced an almost 
i d e n t i c a l  re laxat ion spectrum with t h a t  o f t h e  second. The magnitudes of t he  
in t e rna l - f r i c t ion  peaks were e s sen t i a l ly  equal, indicat ing t h e  amount of f r e e  
nitrogen i n  the  i n t e r s t i t i a l  posi t ions of the l a t t i c e  had been s tab i l ized .  A 
fourth run was made a t  a higher frequency (0.66 cycle per  second) t o  displace the  
peak and permit calculat ion of t h e  act ivat ion energy from these peaks. The peak 
temperature was 264' C and the  amplitude of t he  peak i s  comparable t o  the  ampli- 

tude of carbon peaks found by Ke and Wang (lo) i n  18-8 s t a i n l e s s  s t e e l .  

0 

0 

0 0 

0 
A Debye Sherrer pa t t e rn  of t he  n i t r ided  

0 

K e  and Yang(8) have 

The microstructure before 

The use of various v ibra t iona l  frequencies produced relaxat ion peaks a t  var- 
ious temperatures which provided suf f ic ien t  data t o  ca lcu la te  t he  diffusion coef- 
f i c i e n t  of nitrogen i n  austeni te .  
t h a t  t he  peaks being u t i l i z e d  were associated with a s ingle  re laxat ion time and 
t h a t  t h e  process i s  diffusion controlled.  
ca lcu la t ion  from data shown i n  f igures  5 t o  7 using the  following equation: 

These calculations were based on the  assm.~ptinn 

The ac t iva t ion  energy w a s  obtained by 

where f i s  t h e  v ibra t iona l  frequency i n  cycles per  second and T i s  the  abso- 
lu te  temperature. It w a s  found t o  be 28,700 ca lor ies  per  mole f o r  t he  super- 
sa tura ted  s o l i d  solut ion and 25,800 calor ies  per  mole f o r  t he  saturated so l id  

5 



solut ion.  
(11) and i n  aus t en i t i c  18-8 s t a in l e s s  s t e e l  reported by Ke and Yang(8) were by Wert 

20,000 and 30,000 ca lor ies  per  mole, respectively.  
of 25,800 t o  28,700 ca lor ies  per mole found f o r  t he  ac t iva t ion  energy of nitrogen 
diffusion i n  aus ten i te  seem t o  be very reasonable. 

Values of ac t iva t ion  energy f o r  diffusion of carbon i n  a-iron reported I 

Thus, t h e  calculated values , 

4 

1 
There appear t o  be some l imitat ions t o  calculat ion of ac t iva t ion  energy f o r  I 

t he  nitrogen diffusion i n  aus ten i te  by the  above method. 
vation energy f o r  nitrogen diffusion i n  aus ten i te  from half  width measurements as 
suggested by Stephenson(l2) gives values of 8,500 ca lor ies  per  mole which i s  much 
l e s s  than the expected value of 17,500 t o  19,500 ca lor ies  per  mole. 
approximately 2/3 of the  23,800 t o  28,700 ca lor ies  per mole found by the  frequency 
change measurements. 
centered cubic l a t t i c e s .  
jumping in to  vacancies. 
fo r  stress-induced microdiffusion should be much lower than the  ac t iva t ion  energy 

found f o r  macrodiffusion. K e ,  Tsien, and Misek('3) found t h a t  t h e  microdiffusion 
measurements for  carbon atoms were s l i g h t l y  higher than the  macrodiffusion meas- 
urements made by radioactive C l 4 .  
l a t t i c e  vacancies and i n t e r s t i t i a l  atoms jumping i n t o  subs t i tu t iona l  posi t ions 
would predict  t h a t  the  ac t iva t ion  energy f o r  microdiffusion would be equal t o  
t h a t  of the macrodiffusion and experimental discrepancies could give s l i g h t l y  
higher values f o r  e i the r .  Therefore, t he  theory of Tsien appears t o  be more 
plausible .  

Calculation of t h e  a c t i -  
! 

This i s  

The 2/3 value would be expected from measurements on body- 
Cheng and Chang's theory considered i n t e r s t i t i a l  atoms 

I 

If t h i s  were so, it would seem t h a t  Dhe ac t iva t ion  energy 

The theory of Tsien which does not depend on 

Ke and Yang(8) showed t h a t  i n t e r n a l  f r i c t i o n  induced by carbon i n  aus t en i t i c  
s t a in l e s s  s t ee l s  with a manganese content of 1.7 percent was similar t o  pure 
n icke l  and from t h i s  it w a s  concluded t h a t  t h e  in t e rna l - f r i c t ion  peak w a s  caused 
by rotat ion of i n t e r s t i t i a l  atomic pa i r s .  
al loying elements, t h e  s i t ua t ion  appears qu i t e  d i f fe ren t  and these a l loy ing  e l e -  
ments may influence the  i n t e r s t i t i a l  atoms t o  a la rge  degree. 
a l loying elements shows a grea te r  a f f i n i t y  f o r  i n t e r s t i t i a l  atoms than another, 
it may reduce the  opportunity fo r  t he  formation of t h e  i n t e r s t i t i a l  atomic p a i r s  
and may instead cause t h e  formation of an a l loy ing  element i n t e r s t i t i a l  pa i r .  
This would induce a number of re laxat ion t i m e s  and complicate the  in t e rp re t a t ion .  

For a l loys  containing la rge  amounts of 

If one of the  

Laxar, Frame, and Blickwede(14) have shown t h a t  a relaxat ion peak might be 
interpreted t o  have a s ingle  re laxat ion t i m e ,  but i n  r e a l i t y  may have mult iple  
re laxat ion t i m e s .  

point on the relaxat ion peak as noted by vert and Zener('?). This type ana lys i s  
was applied t o  t h e  curves i n  figures 5 t o  7 for  both t h e  upper and lower side of 
the  curve from 10 t o  60 percent of peak height on t h e  lower temperature s ide  and 
from 10 t o  70 percent of t h e  peak height on the  high temperature s ide.  
r e su l t s  are p lo t t ed  i n  f igures  8 and 9 and an average ac t iva t ion  energy was ca l -  
culated for each s e t  of data. The value f o r  t h e  lower s ide  ac t iva t ion  energy 
was 22,000 ca lor ies  per mole and f o r  t he  upper s ide  32,000 ca lor ies  per  mole. 
The semi-log p l o t s  of frequency versus rec iproca l  of t h e  absolute temperature, 
show the  experimental points  a r e  connected by l i n e s  with ac t iva t ion  energy values 
of 22,000 and 32,000 ca lor ies  per  mole. The r e s u l t s  show very l i t t l e  s c a t t e r ,  

The ac t iva t ion  energy can be calculated for a s h i f t  of any 
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aus ten i te .  
gen p a i r s  and the  other must be caused by an in te rac t ion  between t h e  nitrogen and 
an al loying element. 
carbon a l loys ,  it may reduce t h e  opportunity f o r  formation of i n t e r s t i t i a l  atom 
pa i r s .  Thus, there  may be a greater  probabi l i ty  of formation of manganese-carbon 
atom pa i rs .  In  s t e e l s  with a high manganese content, t he  in te rna l - f r ic t ion  peak 

One peak i s  probably caused by t h e  ro ta t ion  of t he  i n t e r s t i t i a l  n i t ro -  

It has been reported t h a t  when manganese i s  added t o  i ron-  
I 

in te rac t ion  has been reported by Dijkstra  and Sladek (16). 
in te rac t ion  with the  nitrogen could be found i n  t h e  l i t e r a t u r e .  More work on 
face-centered cubic materials i s  needed t o  help iden t i fy  the  mechanism responsible 
f o r  t h e  broad relaxat ion peaks. It i s  believed t h a t  t he  f i r s t  peak with an a c t i -  
vation energy of 22,000 ca lor ies  per  mole represents nitrogen p a i r  a c t i v i t y  and 
t h a t  t he  second peak with an act ivat ion energy of 32,000 ca lor ies  per  mole i s  
associated with the  in te rac t ion  between nitrogen and chromium. It i s  a l s o  f e l t  
s t r a i n  aging m y  account f o r  some of t h e  in t e rna l  f r i c t i o n .  

N o  evidence of nickel  

I 
CONCLUSIONS 

/ u  1-51 

The addi t ion of nitrogen t o  18-8 type aus t en i t i c  s t a in l e s s  steels caused 
re laxa t ion  peaks t o  appear on the  in t e rna l - f r i c t ion  spectra.  These peaks appear 
t o  be much broader than nitrogen-induced peaks i n  body-centered cubic s t ruc tures  
and there  i s  a strong indicat ion t h a t  the  peaks are not the  r e s u l t s  of a s ingle  
ac t iva t ion  process. A deta i led  analysis  indicates  t he  major peaks probably con- 
ta ined  two smaller peaks with ac t iva t ion  energies of 22,000 and 32,000 ca lor ies  
pe r  mole. The lower temperature peak was probably caused by the  ro ta t ion  of t he  

ac t ion  of t he  atomic nitrogen with chromium as a major a l loying element. 
amplitude of t h e  peak a l so  aFpears t o  be a function of the  amount of nitrogen i n  
s o l i d  solut ion.  

\ 
I i n t e r s t i t i a l  ni t rogen p a i r s  while t h e  other one w a s  probably caused by the  i n t e r -  
1 
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I 

7 



1. Snoek, J. L. :  1939 Physica, 6, p. 591; 1941 Ibd., 8, p. 711; 1942 Ibd., 
9, p. 862; 1949. 

2. Rozin, K. M . ,  and Finkel'shteyn, B. N . :  
Science USSR), Vol. 91 (153), p. 811. 

SSR (Reports of t he  Academy of 

3. Cheng, K. C . ,  and Chang, H. K. :  P r iva te  Communication t o  Wu, T.  L.,  and 
Wang, C .  M. ( see  r e f .  4 below). Nanking University, 1957. 

4. Wu, T.  L . ,  and Wang, C .  M. :  
Iron-Nickel Alloys. 

Mechanism of Carbon Diffusion Peak i n  F.C.C. 
Scient ia  Sinica,  Vol. 10, No. 5, 1958, pp. 1029-1053. 

5. Tsien, C .  T.: On the  Mechanism of In t e rna l  Fr ic t ion  Peak Induced by Diffusion 
of I n t e r s t i t i a l  A t o m s  i n  Face-Centered Cubic Crystals .  Sc ien t ia  Sinica,  
Vol. 10, No. 8, 1961, pp. 930-937. 

6. Ke, T. S. : Experimental Evidence of the  Viscous Behavior of Grain Boundaries. 
Physical Review 71, 1947, pp. 533-541. 

7. Andrews, K. W . :  An X-ray Examination of Preferred Orientation and Transforma- 
t i o n  of Gamma t o  Alpha Iron i n  a Stainless-Steel  Wire. 
S tee l  I n s t i t u t e ,  1956, p. 184. 

Journal of Iron and 

8. Ke, T. S., and Yang, P. W . :  A Study of t he  Diffusion of Carbon i n  Gamma I ron 
by t h e  Method of In t e rna l  Fr ic t ion .  
pp. 623-643. 

Scient ia  Sinica,  Vol. 6,  No. 4, 1957, 

9. Dijkstra,  L. J . :  E la s t i c  Relaxation and Some Other Propert ies  of Sol id  Solu- 
t i o n  of Carbon and Nitrogen i n  I ron.  P h i l l i p s  Research Report, 2, 1947, 
PP. 357-381. 

10. K e ,  T. S. ,  and Wang, C .  M . :  I n t e rna l  F r i c t ion  Peaks Associated With S t ress -  
Induced Diffusion of Carbon i n  Face-Centered Cubic Alloy Stee l s  and Metals. 
Scient ia  Sinica,  Vol.  4, No. 4, 1955, pp. 501-518. 

11. Wert, C . :  The Metallurgical U s e  of Anelast ic i ty .  Modern Research Techniques 
i n  Physical Metallurgy. (American Society f o r  Metals, Cleveland, Ohio), 
1953, pp. 225-250. 

12. Stephenson, E. T.: Private  communication, October 9, 1962. 

13. K e ,  T. S . ,  Tsien, C .  H . ,  and Misek, C . :  On the  In t e rna l  F r i c t ion  Peaks 
Associated With the  Presence of Carbon i n  Nickel. 
No. 4, 1955, PP. 519-526. 

Sc ien t ia  Sinica,  Vol. 4, 

14. L a X a r ,  F. H . ,  Frame, J. W . ,  and Blickwede, D. J.: The Effect  of Aluminum on 
St ra in  Aging and In t e rna l  F r i c t ion  i n  Low Carbon Stee l .  Trans. ASM 53, 
1961, pp. 683-696. 

a 



I 15. Wert, C . ,  and Zener, C . :  I n t e r s t i t i a l  Atomic Diffusion Coefficients.  

I 
I Physical Review, Ser ies  2, Vol. 76, August 1950, p. 601. 

16. Dijltstra, I,. J., and Sladek, R.  J.: Effect of Alloying Elements on the  
Behavior of Nitrogen i n  Alpha Iron. 
and Metallurgical Ehgineers, Vol. 197, 1953, p.  69. 

Trans. American I n s t i t u t e  of Mining c 

9 



The authors would l i k e  t o  thank D r .  E.  T .  Stephenson of the  Bethlehem S t e e l  
Company and D r .  Adolph Lena of t he  Allegheny-Ludlum S tee l  Company f o r  t h e i r  very 
he lpfu l  cr i t ic ism of t h i s  paper. 
of the  Allegheny-Ludlum S t e e l  Company f o r  the  nitrogen analysis  and t o  t h e  
National Standard Company who furnished the  wire used i n  the  invest igat ion.  

Also, thanks a r e  expressed t o  D r .  R .  A.  Lincoln 

10 



TABU I 

HEAT ANALYSIS OF TYPE 504 STAINUSS-STEEL WIRE 

i 

C, percent . . . . . . . . . . . . . . .  0.070 
Mn, percent . . . . . . . . . . . . . .  1.02 
P, percent . . . . . . . . . . . . . . .  0.020 
S, percent . . . . . . . . . . . . . . .  0.026 
Si, percent . . . . . . . . . . . . . .  0.51 
Cr, percent . . . . . . . . . . . . . .  18.46 
Ni, percent . . . . . . . . . . . . . .  10.28 
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Figure 3 . -  Nitrided case on type 304 s ta in less  s t ee l .  
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